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a. Order of magnitude estimate of the Rotational Doppler Shift (RDS) magnitude
In the impulsive approximation (valid for N 2 but not D 2 under our experimental conditions) the pump pulse modifies the molecules angular velocity by:
Where E stands for the exciting pulse electric field, is the pulse duration, is the molecular polarizability anisotropy and I is the moment of inertia.
The relevant parameters of the experiment (for simplicity we use units where the vacuum permittivity ) are: A detailed comprehensive description, taking into account thermal and quantum effects, will be published elsewhere.
b. Observed dependence of the RDS on the pulse intensity
The magnitude of the RDS was observed to increase monotonically with the laser intensity. Figure S1 shows this dependence for D 2 ; a similar trend was observed for N 2 . The points in the graph were obtained from spectrograms similar to that shown in Figure  3 . The deviation of the center of the shifted spectrum from the original central wavelength of the probe is plotted as a function of the pump intensity.
